of attack by inorganic pyrophosphate on the 3-end of the center or prevents the substrate and product traffic to/ from the catalytic center. nascent RNA, followed by NTP release and backward translocation of the elongation complex (EC). Stalled EC Figure 1B shows the effect of MccJ25 on the formation of backtracked, arrested complexes. EC stalled at posicontaining radioactively labeled 11 nt-long nascent RNA (EC 11 ) were prepared by nucleotide deprivation; EC 11 tion 27 of a T7 A1 promoter-containing template (EC 27 ) were prepared and incubated in the absence of NTPs. were washed to remove unincorporated NTPs and supplied with pyrophosphate in the presence or in the abDuring this incubation, EC 27 undergo backtracking and lose the ability to elongate the nascent RNA when NTPs sence of MccJ25. In the absence of MccJ25, nascent RNA was progressively shortened and most of the initial are added. As can be seen from Figure 1B , ‫%59ف‬ of freshly prepared EC 27 were competent to resume trantranscript was replaced in 3 min by an 8 nt-long product ( Figure 1A , lanes 1-6) (this product is released from the scription and elongate to position ϩ30 upon addition of CTP ( Figure 1B , lane 2; no further elongation occurred complex and is thus not a substrate to further pyrophosphorolysis). In the presence of MccJ25, pyrophossince template position 31 specifies a uridine, which is missing from the reaction), while the remaining 5% of phorolysis was less efficient; even after a 30 min incubation in the presence of pyrophosphate most EC the EC remained at position 27. The proportion of EC 27 capable of elongation decreased markedly after procontained 11 nt-long RNA ( Figure 1A , compare lanes 6 and 11). We conclude that MccJ25 inhibits both the longed incubation in the absence of NTPs: after a 10 min incubation ‫%09ف‬ of EC 27 was arrested and unable forward reaction of phosphodiester bond synthesis and the reverse reaction of pyrophosphorolysis, a behavior to elongate the nascent transcript ( Figure 1B, with the addition of Gre factors prior to irradiation (the During backtracking, the portion of the nascent tranreaction buffer contained no Mg 2ϩ to prevent Grescript that is proximal to the 3Ј-end is thought to be induced cleavage of the nascent transcript), the anticithreaded into the RNAP secondary channel. The EC 27 pated radioactive labeling of Gre factors was observed complex formed at the T7 A1 promoter backtracks by ( Figure 1E, lanes 2 and 3) Figure 1B t 1/2 ϭ 1.9 s) . Therefore, to test whether our assumptions lead to a model that is internally consistent, we evaluated our calculated MccJ25 binding half-life using the pause durations observed in the presence of MccJ25 at 7.6 M ( Figure 5B ). In agreement with a relatively long lifetime for MccJ25 binding events, there is an increased probability of longer pauses/stops in transcription at 7.6 M MccJ25 ( Figure 5B, red triangles) .
In addition, we made use of our prior analysis of the frequency of stopping events in the presence of MccJ25 ( Figure 5A ) and the fact that the distribution of pause durations at 7.6 M MccJ25 should represent a combination of short, MccJ25-independent pauses (t 1/2 ϭ 1.9 s) and longer MccJ25-induced stopping events (t 1/2 ϭ 4.4 s). The results in Figure 5A show that, at 7.6 M MccJ25, the RNAP population stops about twice as often, indicating that approximately half of the stopping events are MccJ25 dependent. Thus, the observed pause distributions at 7.6 M MccJ25 would be predicted to correspond to a dual exponential distribution of pause durations comprised of the two component lifetimes with equal weighting. Figure 5C shows the experimental data (red triangles, same as Figure 5B ), while the black line represents the distribution predicted by our calculations. For comparison, Figure 5C also shows the fit to a single exponential decay of the MccJ25-independent pauses (green line, t 1/2 ϭ1.9 s, from the data shown in Figure 5B) 
